Analysis of the volatile components present in the fresh male and female flowers and young leaves shows that 2-phenylethanol is the major component in all these three organs, which play a significant role in the strong resinous aromatic odor. The male flowers contained styrene as a second major compound. The level of styrene does not affect the male flowers odor concentration. The level of β-phenylethyl cinnamate and trans-methyl cinnamate in the fermented male flowers decreased as the fermentation time increased. This was due to the Penicillium enzymatic action on the fermented male flowers.
The genus Alnus, family Betulaceae, contains 35 species of deciduous trees and shrubs. These species are widely distributed in temperate regions of the northern hemisphere. Alnus species grow in a wide range of habitats including wetlands, volcanic soils, glacial deposits, and sand dunes [1] .
A. sieboldiana Matsum. is a deciduous plant found on the southwestern coast of Japan. The root of this plant contains Azotobacter to fix nitrogen [2] . It is, therefore, planted in poorly nourished mountain and coastal areas to protect them from erosion. The male and female flowers emit a strong aromatic and resinous odor. The male flowers have been reported to contain β-phenylethyl cinnamate, stilbene monomers, flavanones, flavones, 1,7phenylheptanoids and sesquiterpenoids [3a-3d] . The flavone galangin, isolated from the methanol extract of the leaves, has been found to inhibit the A549 tumor cell line [4a] . It is interesting to note that whole plants, including the flowers and young leaves, even the cones, are easily infected by a white-colored Penicillium species [4b], and the powerful aromatic smell of both the male and female flowers dramatically diminishes and finally becomes unpleasant. The present paper concerns a comparative study of the volatile components of the fresh male and female flowers, young leaves and fermented male flowers of A. sieboldiana.
Male and female flowers and young leaves of A. sieboldiana were collected in 2015, crushed mechanically, extracted separately with n-hexane and the solvent evaporated to give very viscous, aromatic smelling extracts which were analyzed by GC-MS. In addition, the fresh male and female flowers and young leaves were treated by the SPME method, adsorbed on PDMS/DVB type fiber to trap the volatile components. Infected fresh male flowers were kept in the dark at room temperature for 3 months to allow the endophytic fungus to infect the whole samples. The volatile components of the infected material were compared with those of infected male flowers collected in 2013. Both samples were extracted using n-hexane and analyzed by GCMS. (2) 2016 Ghani et al. On the other hand, the n-hexane extract of the fresh male flowers predominantly contained β-phenylethyl cinnamate (14.8%) and trans-methyl cinnamate (5.6%) as major components, which play a significant role in the strong resinous aromatic odor. The fermented male flowers also contained the same ester scents, which formed 10% and 5.5% of the new fermented male flowers, and 9.6% and 2.1% for old fermented male flowers, respectively. After the fermentation process, the level of these two odorous components was decreased due to enzymatic reactions of the endophytic fungus.
In addition, the odors emitted from the fresh and fermented samples were different. Identification of the compounds contributing to the different odors of these two samples is still ongoing.
The endophytic fungus affecting the male flowers was suggested as a Penicillium species. However, P. sclerotiorum is not the endophytic fungus since no dimerized products were found in the fermented male flowers. From the literature, P. sclerotiorum has the capability of producing phenyl coupling products [4b].
A. maximowiczii Callier ex C.K. Schneid. (leaves, flowers, buds) produces elemane and eudesmane sesquiterpene acetates [5] . However, these compounds were not detected either in the fresh or fermented male flowers, female flowers or young leaves of A. sieboldiana. Except for the presence of -phenylethyl cinnamate, all of the mono-and sesquiterpenoids and aromatic compounds are newly identified in the fresh male, female and young leaves, as well as the fermented male flowers.
Experimental
Plant material: Alnus sieboldiana was collected in February 2015, at Naruto, Japan (Shikoku Island). The species was identified by YA and a sample was deposited in the herbarium of the Tokushima Bunri University. A. sieboldiana was separated into male and female flowers, and young leaves. The male flowers (8.35 kg), female flowers (60.50 g) and young leaves (272.14 g) were crushed mechanically, extracted with n-hexane for 2 months, and the solvent evaporated to give viscous extracts. Ten μg/mL of each extract was evaluated by GC/MS.
GC-MS analytical conditions:
GC-MS was conducted using an Agilent Technologies 6890N gas chromatograph coupled with a mass detector (Agilent Technologies 5973) provided with a BC-WAX (20 m x 0.18 mm I.D. x 0.18 µm d f ) capillary column. The analysis was performed in EI mode (70 eV) using He at 1 mL/min. The injection temperature was set at 230 o C. The analysis was carried out using a temperature program starting from 70 o C with an initial 4 min hold to 220 o C, with a 4 o C/min heating increase and keeping the final temperature stable for 15 min. The mass range was set at m/z 40-500 with 3 scans. Co-injection of the extracts with C 9 -C 25 hydrocarbons was performed under the same conditions.
Compounds were identified using a computer-supported spectral library; Mass Finder 2.3 (2008) , and the library database of the Faculty of Pharmaceutical Sciences, Tokushima Bunri University. Compounds identified were confirmed by comparison of the retention times with authentic samples, the Flavour and Fragrance Natural and Synthetic Compounds (FFNSC) Library Ver. 2.
Fresh male flowers (2.6 kg) were kept in an Erlenmeyer flask (3 L) in the dark at room temperature for 3 months to allow endophytic fungi to infect the whole sample. The volatile components of this were compared with a previous batch of infected male flowers (collected in December, 2013 in Naruto). Both samples (10 μg/mL) were analyzed by GC/MS. The analytical conditions were the same as those mentioned above. Fresh samples were cut into 1 cm (0.1g) pieces and placed into a 20 mL vial, which was then completely closed. The headspace gas was adsorbed on a PDMS/DVB type fiber at 60 o C for 20 min.
HS-SPME-GC/MS analytical condition:
BC-WAX (50 m x 0.25 mm I.D. x 0.15 µm d f ) capillary column, 70-220 o C at 20 o C/min temperature program; injection temperature 250 o C, split ratio 10:1, He (1 mL/min).
